We perform a semi-perturbative calculation of the quark-gluon vertex inspired from the three-loop expanded 3PI effective action and investigate the relative strengths of the chirally symmetric/broken tensor structures below and above the crossover.
Introduction
The quark-gluon vertex is the fundamental link between the matter and the gauge sector of quantum chromodynamics and thus plays a pivotal role in functional studies of the strong interaction. Approximations using only an effective dressing of the tree-level component have proven useful for studies of bound-states e.g. [1, 2] , but the actual structure of the quark-gluon interaction is more complicated as indicated by several recent studies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
At non-vanishing temperature, little is known about the details of the quark-gluon interaction. Hence our aim is to explore this quantity in a semiperturbative calculation [3, 5, 13] and thus gauge the relative importance of the different components. Such an approximation significantly reduces the complexity of the calculation, since it is a highly technical challenge to account for the full kinematic dependence of the quark-gluon vertex already in vacuum [8] . Fig. 1 . The truncated equation of motion for the quark-gluon vertex from the 3PI effective action. White discs denote the modeled vertices in our semi-perturbative approximation. All internal propagators are dressed with straight lines denoting quarks and wiggly lines denoting gluons.
Setup
We perform a semi-perturbative calculation of the quark-gluon vertex inspired from its equation of motion of the three-loop expanded 3PI effective action [8, 14, 15] . The so-called Abelian diagram in this equation is suppressed both dynamically and by color factors and is thus neglected herein. The resulting equation is shown in Fig. 1 .
The vertex equation depends on the quark and gluon propagators and the three-gluon vertex for which we use fixed input. For the propagators we use results obtained by unquenching lattice results for the gluon propagator [16, 17] by adding the nonperturbative quark-loop [18] . For the quark-gluon vertex in this calculation the following model was used [17] :
Here, δ = −9N c /(44N c − 8N f ) is the anomalous dimension of the ghost and β 0 = (11N c − 2N f )/3 the first coefficient of the beta function. α(µ) is given by 0.3, d 1 by 7 GeV 2 , d 2 by 0.5 GeV 2 and Λ 2 by 1.96 GeV 2 . Temperature dependence enters via the quark propagator dressing functions A(p 2 ) and C(p 2 ). We use the corresponding results for N f = 2 from Ref. [19] , where a bare quark mass slightly different to that in Ref. [18] was employed.
For the three-gluon vertex we take only its tree-level tensor and dress it with a model motivated by the one from Ref. [20] :
where
Λ 2 3g = 0.01 GeV 2 . G and Z are the ghost and gluon dressing functions, respectively. This ansatz has the correct UV behavior, given by the second term, and features a sign change at low momenta. Since we will solve the vertex equation semi-perturbatively rather than self-consistently, the internal ansatz for the quark-gluon vertex plays a special role. We use a variation of Eq. (2) that effectively captures the infrared contribution in a dressing of the tree-level tensor γ µ :
Here, α(µ), Λ and d 2 have the same values as above and d 1 is 0.5 GeV 2 . For the UV exponent the anomalous dimension of the vertex is employed, since in contrast to the model used in the propagator Dyson-Schwinger equations we don't need the additional factor to serve as a renormalization group improvement.
Results
The quark-gluon vertex has 8 transverse tensors at zero temperature. At non-vanishing temperature they split up into 24 tensors:
is the relative quark momentum with p (q) the incoming (outgoing) quark momentum. The incoming gluon momentum is k µ = q µ − p µ , and the direction of the heat bath is taken to be u µ . Explicit tensors are given in Tab. 1. We use the framework of CrasyDSE [21] for the computation.
For the purpose of presentation, we show spatially symmetric points p 2 = q 2 = k 2 = 2s 0 with temporal components (u · k) = 0 and (u · p) = (u · q) = πT .
The temperature dependence of the tree-level dressings is shown in Fig. 2 and that of selected dressings in Fig. 3 . At low temperatures, the dressing functions that stem from a single vacuum tensor become degenerate. In Fig. 4 one can see that beyond the crossover, which for this N f = 2 calculation occurs around 180 MeV, the dressings forbidden by chiral symmetry are suppressed as expected.
Vacuum Chirally Broken
Chirally Symmetric
Chirally Broken Chirally Symmetric Table 1 . A choice for the 24 transverse tensor components of the quark-gluon vertex at non-vanishing temperature (the chirally broken group numbers 1 through 12, whilst the chirally symmetric group numbers 13 through 24). For reference, the 8 vacuum components are shown at the top. 
Summary
We presented a semi-perturbative calculation of the quark-gluon vertex at finite temperature, demonstrating the enhancement and suppression of chirally forbidden dressings below and above crossover. Further we see that in the limit of vanishing temperature, the multitude of dressing functions split by the introduction of the heat bath degenerates, thus recovering the vacuum structure. • 
